Abstract. The detection of a fade in and a fade out in the video segmentation is very difficult as compared to the detection of abrupt transition. Mostly, the disturbances are caused due to the object/camera motion and the illumination arising from flashlight, fire, flicker and explosion. This mainly results into false positives. An algorithm has been proposed for the fade in and fades out detection. In the proposed algorithm, frames are decomposed to 5 levels using db-6 discrete wavelet transform. The mean of approximate wavelet coefficients are calculated for each frame and normalized. The variation in normalized mean of wavelet coefficient against frame index gives the presence of fade in and fades out. In our algorithm, no preprocessing or post processing is required and so the computational complexity is reduced to a great extent. The processing time is very small as compared to the previous techniques. The proposed algorithm detects and identifies almost all the cases of fade in and fade out with a negligible miss and the false detection causing due to illumination and motion. Performance comparison of the proposed algorithm with the other existing techniques clearly demonstrated its effectiveness in terms of performance metrics such as Recall, Precision, F1 measure, RSI and detection rate. Another advantage of our algorithm over the previous ones is that the detection rate is almost 100%.
Introduction and related work
In a video V consisting of n shots, finding the beginning and the end of the each shot is known as the shot boundary detection. The Shot boundary detection is also called as the transition detection. The Shot boundary detection is very important for any video analysis and video application as it permits the segmentation of video into its basic components called as shots. A Shot is a video segment in which one continuous action is captured. For video analysis boundary detection between two video shots is a prior step. In video analysis task, segmentation of a video content into a shot is an essential job. For indexing and video analysis shot boundary detection is a very important task. These shot boundaries/transitions can be categorized into two types: Abrupt/Sharp shot transition and Gradual shot transition. Abrupt/Sharp shot transition is a transition from one shot to another shot. It is also called as cuts or hard cuts. The detection of sharp shot transition is trouble free because the two frames of consecutive shots are not related with to each other. In gradual shot transition the intensity of consecutive frames is gradually increased (fadein) or decreased (fade-out) or one shot is replaced by another shot in a gradual manner. These are also often known as soft transitions. The gradual transitions take account of camera movements such as panning, tilting, zooming etc. Compared to an abrupt a shot transition, a soft transition is a complex task for detection as the difference between two consecutive shots is reduced. Gradual transitions can be of different types such as fade in, fade out, dissolve and wipe. The elimination of disturbances due to illumination and motion are the major challenges to the shot boundary detection algorithms. Many researchers have discussed on the methods for avoiding false alarms due to illumination variation during detection of shot boundary such as [3] , [8] , [27] , [9] , [10] , [28] , [29] , [2] and also due to the impudence of camera and object motion in the video segmentation [14] , [15] , [16] , [17] , [18] . It is a challenging task to develop a single approach which will solve both the issues and hence we propose a method for the detection of fade in and fade out in the presence of abrupt illumination, rapid camera and object motion. The proposed method works in three steps. In the first step, the features are extracted from the frame using the discrete wavelet transform. Wherein we used the db-6 DWT. The Second stage involves finding potential shot boundaries from the extracted features. In the last stage, a threshold is used to declare the shot boundaries. Related work for a shot boundary detection in the presence of illumination, camera and object motion is given below. Alattar [5] has proposed an algorithm based on the variance of pixel intensities. Presence of fades is given by negative spikes of the pixel intensity variance. This is confirmed after ensuring that the first order difference of the mean of the video sequence is relatively constant next to the negative spike. Fernando et al. [21] proposed the theoretical fade creation model based on luminosity to detect fade and dissolve. Modification on the above approach is suggested by Truong et al. [22] . Dissolves, fade-in, and fade-out are also discussed in [23] , [4] , [6] . Volkmer et al. [24] have presented a gradual transition detection approach based on the average frame similarity and the adaptive thresholds. Albanese et al. [7] have proposed an algorithm which use similarity metric based on the animate vision theory. Bec´os et al. [19] have analyzed the existing methods and proposed a unified detection model for the gradual transition detection. Han et al. [20] proposed a method which uses techniques of wavelet, FCM clustering, Gaussian weighted Hausdorff distance, similarity of color distribution and motion vector based on 3-D wavelet transform to detect fade, dissolve and wipe. Pedro et al. [25] proposed a fade detection using a non-common feature entropy, a scalar representation of the information contained in each video frame. Bezerra and Leite et al. [26] have transformed the video slice into one-dimensional signals obtaining a highly simplified representation of the video content using longest common subsequence between two strings. They developed a chain of mathematical morphology operations over these signals to detect cut, fade and wipe. Lawrence et al. [10] have proposed an algorithm for shot boundary detection based on the first-order partial derivatives of video.. They developed algorithm insensitive to object and camera motion by considering areas with low apparent motion. Xu et al. [11] have proposed a motion suppression technique for shot boundary detection based on 3D wavelet transform. Jang et al. [12] have proposed a shot transition detection method in which they extracted motion vectors from two consecutive frames by using the size-variable block matching and then adaptive robust estimation method was used to estimate the global motions and eliminate local motions. Park et al. [13] have proposed two-motion based features for shot boundary detection of fast motion sequences. Li D. and Lu H. [3] has proposed a method to differentiate between shot and flashlights based on the difference in the area of background in edge image. Weixin K. et al. [8] have used color ratio histogram. Histogram difference is considered to be a measure to distinguish abrupt transition from gradual transition [1] and then average intensity difference is used to detect flashlights. Limitations of the existing methods are summarized below:  Difficult to distinguish fade effects from flashlight, fire, flickers and explosion.  Difficult to detect fades in presence of fast camera motion and object motion.
 Difficult to detect the fade frames with good detection rate.  Computational complexity and low processing speed.
The rest of the chapter is organized as follows. Section.2 gives a detailed description of the proposed method for fade detection. The effectiveness of the method is validated by experiments on various videos in Section 3. The results of our algorithm as compared to the results of existing algorithms are presented in Section 3.1. Results of algorithm for fade transitions under various disturbances are demonstrated in Section 3.2. whereas Section 4 gives conclusions.
The Proposed Method for detection of fade in and fade out
From the extensive literature survey, it has been noted that the wavelet based approaches are more invariant to illumination and motion. Hence we have focused on developing wavelet based approach in which an innovative technique is used. The proposed method works in three stages. In the first stage, the features are extracted from the frame using discrete wavelet transform wherein we used db-6 DWT. The second stage involves finding potential shot boundaries from the extracted features. In the last a stage, a threshold is used to declare the shot boundaries.
Extraction of features of an image using DWT
The possibility of using debauches 6 discrete wavelet transform to find out the features in the frames which are insensitive to disturbances caused by illumination and motion in the shot boundary detection is explored.
The process of extracting features is explained stepwise as follows: 1) In the proposed algorithm each frame is converted from RGB to Gray level scale.
2) Each frame is decomposed to 5 level using db6 discrete wavelet transform.
3) This decomposition leads to the extraction of the frame features.
Detection of potential shot boundaries
To detect the potential shot boundaries, the discrete wavelet transform is used with an innovative technique which was not applied by any researcher previously. The process of detecting potential shot boundaries is explained stepwise as follows:
1) The mean of approximate wavelet coefficient for each frame are tabulated in the form of array 'I' and is obtained by the formula Imin.
Declaration of shot boundaries
After the detection of potential shot boundaries, the declaration of shot boundary as fade in or fade is done as explained below. 1) If the index for value '1'or Imax is found then check for next peak point '1' or Imax. (Im-1>Im>Im+1) .
2) If the peak point index array is empty then no fade out is achieving and if the peak point index array is not empty then choose the last peak point index as a starting point for the fadeout. 3) For checking the validity, it is assumed that fade out generally occurs for more than three frames. 4) Similarly, the fade in is also detected by finding the peak point index followed by the valley point i.e. Imin index. 5) To detect all fade in and fade out present in the video all frames are divided into 'n' overlay in which each overlay consist of 30 frames 
Experimental results and discussion

Test video sequence
To evaluate the effectiveness of the proposed algorithm, experiments are conducted on the six videos mentioned below. We have selected these movies containing lot of camera motion, object motion and illumination, so as to prove robustness of our algorithm in presence of motion and illumination. The proposed algorithm is tested on 1, 44,940 frames. All these frames are observed manually frame to frame with Virtual Dub to note the fade in and fade out transition frames. The six videos used for testing our algorithm are given below.  Video 1: "Ashiqui 2" movie with high amount of light effect.  Video 2: "Jeene laga hoon" song from "Ramaiya Vastavaiya".  Video 3: "Dil Tu Hi Bata song" from "Krish 3" movie with complete camera and object motion.  Video 6: "Amplifier". It contains heavy lighting effect and rapid camera motion.
Evaluation criteria
We used Recall, Precision, F1Measure and Retrieval Success Index as an evaluation metrics. These performance metrics are explained below.
Recall ( R) ……………………………………………….
(1)
Where, D = C+M is the total number of actual shot boundaries (Ground truth) in the test video sequence, C is the number of shot boundaries correctly detected by the algorithm, M is the number shot boundaries missed by the algorithm, and FP is the false positives detected by the algorithm. Also to rate the performance of the different algorithms, we used the F1 measure [11] . F1 measure is a harmonic mean of recall and precision and is given below F1 measure 2 ………………………………………………… (3) Retrieval Success Index (RSI) ……………………………… (4) The proposed system has been implemented and applied on variety of video sequences. The detected shot boundaries are compared with those detected manually using Virtual Dub from the same video sequences as a basis for evaluation. The table 1 shows the manual data set for fade in and fade out transitions in the videos under test. Fig.7 and 8 shows the trade-off between Recall and Precision. It shows that in case of videos 1, 4 and 5 precision drops due to rapid object, camera motion and illumination but our algorithm is capable of distinguishing these effects from fade in and fades out. We have taken the videos containing camera motion and illumination and tested our algorithm on such videos. The results obtained for the recall, precision, f1 measure and RSI are presented in Table 2 . Most of the approaches give false measure in presence of rapid camera and object motion or illumination. But our approach gives improved results even in the presence of a camera motion and an illumination. Some frames containing a motion and an illumination obtained from algorithm are also demonstrated in the figures 9, 10,11 and 12. The results of the algorithm are also shown in figures 13, 14 and 15. 
Comparison with different detection methods
We have implemented some existing algorithms as discussed in chapter 4 for comparing their results with our proposed algorithm. It has been observed that in the existing algorithms false alarms due to camera motion, object motion and illumination reduces the precision. These challenges due to disturbances caused by motion and illumination are properly addressed in our algorithm. It is also computationally fast and less complex. The comparison results with some basic algorithms are given in table 3. For showing the detection rate of our algorithm, we have presented the results in the terms of algorithm detected frames and manually observed frames for one sample movie Ashiqui Remix which contains large amount of illumination in the table 4. Table 5 shows the detection rate in the sample clip "Dil tuhi bata" which contains a rapid camera motion. From the above tables it has been concluded that our algorithm achieves 100% detection rate even in presence of heavy lighting and camera motion
Demonstration of fade in and fade out transitions obtained using a proposed algorithm
The frames containing fade in, fade out in the videos under test are shown in fig.4a & 4b. fig.5 shows the results of our algorithm implemented in MATLAB for detecting fade in and fade out. 
Conclusion
In any shot boundary detection algorithm, the major challenges faced by all the researchers have been the disturbances caused due to the abrupt changes in illumination or the rapid object and camera motion. These problems are usually producing false alarms. In this paper, we have focused on the elimination of these problems by using a novel approach. In our algorithm, we have used the db-6 discrete wavelet transform in which each frame is decomposed to 5 levels. It is observed that there has been a dramatically removal of the camera motion, the object motion and an illumination to a great extent. Then we applied an innovative approach for detecting the presence of fade in and fade out in the video. It is observed that our algorithm gives the detection rate almost above 90% which is not achieved in the previous approaches. Also the processing speed is high and it is computationally less complex to a great extent. Our proposed algorithm achieved a relatively better trade-off between Recall and Precision with high F1 measure as compared to the other tested algorithms on the same video data. The proposed algorithm is successful in eliminating disturbances due to illumination change and fast motion when a camera follows the object. However our method is sensitive to unusual cases when the background in the consecutive frames changes rapidly in addition to the appearance and the disappearance of the multiple objects in the same scene. Since the main applications of shot boundary detection are in video indexing and retrieval, we have calculated retrieval success index (RSI). Very few researchers have justified by giving attention towards this parameter. It is concluded that the RSI for all the videos under the test is also above 80%. It clearly means that our algorithm is effective for the video retrieval applications.
